
Rughuhg Pdwul{ Lqyhuvlrq

Mrkq Jlsvrq

Ghfhpehu 4:/ 4<<;

Devwudfw

L ghulyh wkh htxdwlrqv iru wzr irupv ri idvw0pdwul{ lqyhuvlrq1 L vwduw e| ghvfulelqj duf0

sdudphwhu holplqdwlrq/ dqg ghulyh wkh h{solflw htxdwlrq iru wkh vroxwlrq yhfwru/ dqg iru wkh

fryduldqfh pdwul{1 L jhqhudol}h wkhvh uhvxowv wr wkh vroxwlrq ri �wlph0wdjjhg� vsduvh qrupdo

pdwufhv1 Wkhvh duh qrupdo htxdwlrqv zkhuh iru d odujh qxpehu ri sdudphwhuv gdwd iurp rqo| d

vpdoo lqwhuydo frqwulexwhv1 Lqyhuwlqj wkh qrupdo htxdwlrqv lq wlph rughu uhvxowv lq d vxevwdqwldo

uhgxfwlrq lq wkh wlph uhtxluhg wr vroyh wkh qrupdo htxdwlrqv1 L uhihu wr wklv whfkqltxh dv �Rughuhg

Pdwul{ Lqyhuvlrq�1 L frpsduh wklv whfkqltxh wr wkh �E6G� dojrulwkp ghulyhg e| O1 Shwury1

4 Lqwurgxfwlrq

Pdq| sureohpv ghdo zlwk �qglqj wkh vroxwlrq wr wkh pdwul{ htxdwlrqv

QD @ E

zkhuhQ lv dq q�qpdwul{/ dqgD dqgE duh q glphqvlrqdo froxpq yhfwruv1 Lq h{shulphqwdo vflhqfhv

wkhvh htxdwlrqv vkrz xs dv wkh qrupdo htxdwlrqv/ dqg lq zkdw iroorzv wklv lv krz L zloo uhihu wr

wkhp1 Li erwk wkh vroxwlrq yhfwru D dqg wkh fryduldqfh pdwul{ Q3�duh uhtxluhg/ d vwudljkwiruzdug

vroxwlrq ri wkh qrupdo htxdwlrqv uhtxluhv dssur{lpdwho| q�@5 pxowlsolfdwlrqv1 Li rqo| wkh vroxwlrq

yhfwru D lv uhtxluhg/ wkh qxpehu ri rshudwlrqv lv uhgxfhg e| d idfwru ri 6 wr q�@9= Hyhq zlwk

wklv uhgxfwlrq lq frpsxwdwlrqdo frvw/ d vwudljkwiruzdug vroxwlrq lv lpsudfwlfdo iru odujh pdwulfhv1
Ehfdxvh ri wklv rqh pxvw wu| wr �qg ydulrxv wulfnv wr pdnh wkh lqyhuvlrq idvwhu1 Li wkh pdwul{ lv
vsduvh wkhuh h{lvw fdqqhg urxwlqhv zklfk zloo shuirup wkh lqyhuvlrq iru dq duelwudu| pdwul{1 Wkh
glvdgydqwdjh ri wklv dssurdfk lv wkdw vlqfh wkhvh duh jhqhudo sxusrvh urxwlqhv/ wkh| pd| qrw eh wkh
prvw h!flhqw1 Li |rx kdyh vrph nqrzohgjh derxw wkh vwuxfwxuh ri wkh qrupdo pdwul{ |rx pd| eh
deoh wr lqyhuw lw pruh h!flhqwo|1 Lq wklv qrwh L ghvfuleh wzr whfkqltxhv iru lqyhuwlqj vsduvh pdwulfhv
zklfk dsshdu lq jhrsk|vlfv1

Lq vhfwlrq 5 L ghvfuleh duf0sdudphwhu holplqdwlrq/ zklfk kdv ehhq ghvfulehg hovhzkhuh lq wkh
olwhudwxuh1 L lqwurgxfh lw khuh lq rughu wr hvwdeolvk qrwdwlrq/ dqg ehfdxh lw lv d shufxuvru wr d pruh
jhqhudo whfkqltxh1 Duf0sdudphwhu holplqdwlrq dulvhv lq grlqj d frpelqhg vroxwlrq iurp d vhulhv ri
phdvxuhphqwv1 Vrph ri wkh hvwlpdwhg sdudphwhuv duh frpprq wr pdq| ru doo ri wkh h{shulphqwv/
dqg duh fdoohg �joredo� sdudphwhuv1 Iru h{dpsoh/ wkhvh pljkw eh vwdwlrq srvlwlrqv1 Wkh uhpdlqlqj
sdudphwhuv dsshdu lq rqo| d vlqjoh h{shulphqw ru duf/ dqg duh fdoohg �duf� sdudphwhuv1 Wkhvh
sdudphwhuv pljkw eh qxlvdqfh sdudphwhuv/ vxfk dv forfn guliw/ ru sdudphwhuv ri uhdo jhrsk|vlfdo
lpsruwdqfh/ exw zklfk ydu| iurp gd| wr gd|1 Wkh vwuxfwxuh ri wkh qrupdo htxdwlrqv pdnhv srvvleoh
d idvw pdwul{ lqyhuvlrq1

4



Lq vhfwlrq 6 L ghvfuleh dqrwkhu vfkhph iru �qglqj wkh vroxwlrq wr wkh qrupdo htxdwlrqv zklfk
lv d jhqhudol}dwlrq ri duf0sdudphwhu holplqdwlrq1 Wklv whfkqltxh fdq eh xvhg zkhq wkhuh lv dq
rughulqj ri wkh qrupdo htxdwlrqv vr wkdw prvw ri wkh frxsolqj +l1h1/ r� gldjrqdo hohphqwv, lq wkh
qrupdo htxdwlrqv lv ehwzhhq qhdue| sdudphwhuv/ zlwk vrph frxsolqj wr joredo sdudphwhuv1 Iru
h{dpsoh/ lq dqdo|}lqj d vlqjoh gd| ri YOEL gdwd/ vrph sdudphwhuv vxfk dv gdlo| vwdwlrq srvlwlrq
duh rq iru wkh zkroh h{shulphqw/ l1h1/ wkh| duh lq xhqfhg e| doo ri wkh gdwd1 Wkhvh zrxog eh wkh
joredo sdudphwhuv1 Rwkhu sdudphwhuv/ vxfk dv forfnv/ ru dwprvskhuhv/ duh prghohg dv slhfhzlvh
olqhdu ixqfwlrqv1 Wkh sdudphwhuv zklfk ghvfuleh wkhvh ixqfwlrqv duh rq iru rqo| d �qlwh dprxqw
ri wlph1 Wkhuhiruh wkh| zloo frxsoh zlwk wkh joredo sdudphwhuv/dqg rwkhu sdudphwhuv zkrvh �rq0
wlphv� ryhuods1E| vtxhh}lqj rxw sdudphwhuv dv wkh| duh wxuqhg |rx fdq vxevwdqwldoo| uhgxfh wkh
wlph wr vroyh wkh qrupdo htxdwlrqv1 L fdoo wklv dojrulwkp RPL/ iru Rughuhg Pdwul{ Lqyhuvlrq1

Lq vhfwlrq 7 L eulh | frpsduh RPL zlwk wkh E6G phwkrg ri O1 Shwury1 L dujxh wkdw RPL pruh
jhqhudo/ dqg hdvlhu wr lpsohphqw1

Vhfwlrq 8 ghvfulehv Iruwudq frgh zklfk lpsohphqwv wklv dojrulwkp/ dqg whoov zkhuh lw lv orfdwhg1

5 Duf Sdudphwhu Holplqdwlrq

Lq wklv vhfwlrq zh ghvfuleh wkh duf sdudphwhu holplqdwlrq dojruwlkp1 Wklv lv vxlwdeoh zkhq zh
duh ghdolqj zlwk qrupdo htxdwlrqv zklfk dulvh iurp frpelqlqj pdq| gl�huhqw h{shulphqwv/ dqg
vrph ri wkh sdudphwhuv duh frpprq wr doo ri wkh h{shulphqwv/ zkloh rwkhuv dsshdu rqo| lq d vlqjoh
h{shulphqw1 Wkh frpelqhg qrupdo htxdwlrqv fdq eh zulwwhq dv1

Q|J|D|J| @ E|J| +4,

Khuh Q|J| lv wkh wrwdo qrupdo pdwul{/ D|J| duh wkh sdudphwhuv zh duh vroylqj iru/ dqg E|J| duh wkh

�R0F�*v1 Wklv fdq eh uh0zulwwhq dv=

3
EEEEEC

Q}} Q}� Q}2 === Q}?

Q�} Q�� 3 === 3

Q2} 3 Q22 === 3

=== === === === ===

Q?} 3 3 === Q??

4
FFFFFD

3
EEEEEC

D}

D�

D2

D�

4
FFFFFD
@

3
EEEEEC

E}

E�

E2

E�

4
FFFFFD

+5,

khuh wkh Q *v duh uhfwdqjxodu vxe0pdwulfhv1 Wkh Q}} duh wkh qrupdo htxdwlrqv uhvwulfwhg wr wkh
joredo sdudphwhuv> wkh Q�� wkh qrupdo htxdwlrqv uhvwulfwhg wr wkh duf sdudphwhuv iru d jlyhq duf>
dqg wkh Q}� wkh furvv whupv ehwzhhq wkh duf sdudphwhuv dqg wkh joredo sdudphwhuv1 Wkhuh duh qr
furvv whupv ehwzhhq wkh gl�huhqw dufv1 Lq jhqhudo wkh vl}h wkh vxe0pdwulfhv duh gl�huhqw iru hdfk
duf1 Ehfdxvh Q lv v|pphwulf ryhudoo zh kdyh=

Q
A
}} @ Q}} +6,

Q
A
�� @ Q�� +7,

Q
A
}� @ Q�} +8,

D vwudljkwiruzdug dojrulwkp iru wkh vroxwlrq yhfwru/ wkdw lv/ wkh D*v/ wdnhv rq rughu ri glp+Q|J|,
�@9

pxowlsolfdwlrqv/ zkhuh glp+Q|J|, lv wkh wrwdo qxpehu ri sdudphwhuv1 Li zh duh dovr lqwhuhvwhg lq wkh

fryduldqfh pdwul{/ wkdw lv Q3�
|J|

/ zh qhhg wr gr dqrwkhu glp+Q|J|,
�@6 pxowlsolfdwlrqv1 Iru d vwdqgdug
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joredo vroxwlrq wkh qxpehu ri sdudphwhuv lv rq wkh rughu ri 43S1 D vwudljkwiruzdug vroxwlrq ri hlwkhu
wkh vroxwlrq yhfwru ru wkh fryduldqfh pdwul{ zrxog eh doprvw lpsrvvleoh1

Dsduw iurp wkh �uvw �urz� dqg �froxpq� ri Ht1 +5, wkh wrwdo qrupdo pdwul{ lv vwulfwo| eorfn
gldjrqdo1 Wklv doorzv d frqvlghudeoh vshhg xs/ erwk lq wkh vroxwlrq ri wkh qrupdo htxdwlrq/ dqg lq
wkh fdofxodwlrq ri wkh fryduldqfh pdwul{1

514 Vroxwlrq ri Qrupdo Yhfwru

Htxdwlrq +5, fdq eh uhzulwwhq dv wkh vhw ri frxsohg htxdwlrqv=

Q}}D} .

[

�

Q}�D� @ E} +9,

Q�}D} .Q��D� @ E� +:,

Wkh vhfrqg ri wkhvh/ Ht1 +:, fdq eh vroyhg iru wkh D�

D� @ Q
3�

��
E� �Q

3�

��
Q�}D} +;,

zklfk zkhq vxevwlwxwhg lqwr Ht1 +9, jlyhv#
Q}} �

[
�

Q}�Q
3�

��
Q�}

$
D} @ E} �

[

�

Q}�Q
3�

��
E� +<,

zklfk fdq eh uhdglo| vroyhg iru wkh joredo sdudphwhuv D}=

D} @

#
Q}} �

[

�

Q}�Q
3�

��
Q�}

$
3�
#
E} �

[

�

Q}�Q
3�

��
E�

$
+43,

Wkh vroxwlrq iru D} fdq lq wxuq eh vxevwlwxwhg lqwr htxdwlrq +;, wr �qg wkh vroxwlrq iru wkh duf
sdudphwhuv1

515 Vroxwlrq ri Fryduldqfh Pdwul{

Lq dgglwlrq wr wkh vroxwlrq ri wkh qrupdo pdwul{/ wkdw lv/ wkh D*v/ zh duh dovr lqwhuhvwhg lq wkh

irupdo huuruv ri wkh sdudphwhuv/ lq zklfk fdvh zh qhhg wkh gldjrqdo hohphqwv ri Q3�
|J|

1 Zh pd|

dovr eh lqwhuhvwhg lq wkh fruuhodwlrq dqg fryduldqfh lqirupdwlrq/ lq zklfk fdvh zh dovr qhhg wkh

r�0gldjrqdo hohphqwv1 Frqvlghu wkh htxdwlrq
3
EEEEEC

Q}} Q}� Q}2 === Q}?

Q�} Q�� 3 === 3

Q2} 3 Q22 === 3

=== === === === ===

Q?} 3 3 === Q??

4
FFFFFD

3
EEEEEC

P}} P}� P}2 === Q}?

P�} P�� P�2 === P}�

P2} P2� P22 === P}2

=== === === === ===

P?} P?� P?2 === Q??

4
FFFFFD
@

3
EEEEEC

L 3 3 3 3

3 L 3 3 3

3 3 L 3 3

3 3 3 L 3

3 3 3 3 L

4
FFFFFD

+44,

zkhuh P|J| @ Q
3�

|J|
= dqg hdfk ri wkh vpdoohu P *v lv d uhfwdqjxodu vxepdwul{1 Wklv ohdgv wr wkh

frxsohg vhw ri pdwul{ htxdwlrqv=

Q}}P}} .

[

�

Q}�P�} @ L +45,

Q�}P}} .Q��P�} @ 3 +46,

Q�}P}� .Q��P�� @ L +47,

Q�}P}� .Q��P�� @ 3 +l ?A m, +48,
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Htxdwlrq +46, fdq eh uh0zulwwhq dv=

P�} @ �Q
3�

��
Q�}P}} +49,

zklfk jlyhv wkh fryduldqfh ri wkh duf dqg joredo sdudphwhuv1 Zkhq vxevwlwxwhg lqwr htxdwlrq +45,
zh jhw #

Q}} �

[

�

Q}�Q
3�

��
Q�}

$
P}} @ L +4:,

ru

P}} @

#
Q}} �

[
�

Q}�Q
3�

��
Q�}

$
3�

+4;,

Htxdwlrq +4;, jlyhv wkh fryduldqfh pdwul{ ri wkh joredo sdudphwhuv zlwk hdfk rwkhu/ dqg wkh irup
lv zkdw |rx zrxog qdlyho| h{shfw edvhg rq Ht1 +43,1 Wkh vtxduh urrw ri wkh gldjrqdo hohphqwv duh/
ri frxuvh/ wkh irupdo huuruv iru wkh joredo sdudphwhuv1 Vxevwlwxwlqj wkh wudqvsrvh ri htxdwlrq +49,
lqwr htxdwlrq +47, zh jhw=

P�� @ Q
3�

��
.Q

3�

��
Q�}P}}Q}�Q

3�

�� +4<,

zklfk lv wkh fryduldqfh ri wkh duf sdudphwhuv iru d sduwlfxodu duf zlwk hdfk rwkhu1 Djdlq/ wkh vtxduh
urrw ri wkh gldjrqdo hohphqwv duh wkh irupdo huuruv ri wkh duf sdudphwhuv iru wklv sduwlfxodu duf1

Li doo zh duh lqwhuhvwhg lq lv irupdo huuruv/ ru ri wkh fryduldqfhv ri wkh duf sdudphwhuv zlwk
wkhpvhoyhv/ wkh joredo sdudphwhuv zlwk wkhpvhoyhv/ ru ri wkh duf0joredo fryduldqfh/ wklv lv dv idu
dv zh qhhg wr jr1 Lq idfw/ wklv lv w|slfdoo| dv idu dv vroyh jrhv1 Krzhyhu/ li zh zdqw wr �qg wkh
fruuhodwlrq ri duf sdudphwhuv lq rqh duf zlwk wkh duf sdudphwhuv lq dqrwkhu duf zh qhhg wr jr
ixuwkhu1 Wudqvsrvlqj htxdwlrq +49, dqg pdnlqj wkh vxevwlwxwlrq l$ m> dqg wkhq sxwwlqj wkh uhvxow
lqwr htxdwlrq +48, zh �qg=

P�� @ Q
3�

��
Q�}P}}Q}�Q

3�

�� +53,

zklfk jlyhv wkh �duf0duf� fryduldqfh/ l1h1/ wkh fryduldqfh ri duf0sdudphwhuv lq rqh duf zlwk wkrvh ri
duf0sdudphwhuv lq dqrwkhu duf1

516 Wlplqj Frqvlghudwlrqv

Lq wklv vxevhfwlrq zh frpsduh wkh wlph iru duf0sdudphwhu holplqdwlrq zlwk wkh vwudljkwiruzdug
vroxwlrq1 Iru vlpsolflw| zh dvvxph wkdw doo dufv kdyh wkh vdph qxpehu ri sdudphwhuv1 Ohw

Q@oS @ Qxpehu ri dufv +54,

Q� @ Sdudphwhuv shu dufv +55,

QC @ Joredo sdudphwhuv +56,

QA @ Wrwdo sdudphwhuv +57,

@ QC .Q@oSrQ� +58,

Wkhq wkh qdlyh/ vwudljkwiruzdug vroxwlrq wr wkh qrupdo htxdwlrqv jrhv olnh

wlphbqdlyh @ Q
�

|J|
@5 +59,
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Wlph iru Iruzdug Vroxwlrq1 Wkh pdwul{ fdofxodwlrqv zh gr lq wkh iruzdug gluhfwlrq/ dqg
wkh qxpehu ri rshudwlrqv lv vxppdul}hg ehorz=

Frpsxwdwlrq Qxpehu ri pxowlsolfdwlrqv
Q
3�
@@ Q

�

�
@5

Q}@Q
3�

@@ QCQ
2

��
Q}@Q

3�

@@

�
Q@@ Q

2

C
Q�@5 +wkh idfwru ri 425 ehfdxvh wkh pdwul{ lv v|ppwhulf,

Wrwdo shu duf Q�+Q� .QC,2@5

+5:,

Dw wkh hqg ri wkh iruzdug vroxwlrq zh gr rqh �qdo lqyhuvlrq1 Wkh wrwdo qxpehu ri rshudwlrqv lv
wkhq=

wlphbiruzdug @ Q�

C
@5.Q@oS �Q� � +Q� .QC,

2@5 +5;,

@ Q�

C@5. +Q|J| �QC,+Q� .QC,
2@5 +5<,

* QA +Q� .QC,
2 @5.R+4, +63,

zkhuh L kdyh nhsw wkh ohdglqj whup lq QA 1 Wkh udwlr ri wkh qdlyh wlph wr wkh iruzdug wlph lv=

wlphbqdlyh@wlphbiruzdug @

�
QA

Q� .QC

�
2

+64,

* Q
2

@oS

�
Q�

Q� .QC

�
2

+65,

Li zh kdyh d 43
� duf vroxwlrq/ wkhq duf0sdudphwhu holplqdwlrq vdyhv d idfwru ri 43S lq wlph/ zklfk

lv vxevwdqwldo lqghhg1
Wlph iru Edfn Vroxwlrq1 Xvxdoo| zh duh rqo| lqwhuhvwhg lq wkh fryduldqfh iru wkh sdudphwhuv

ri d sduwlfxodu duf1 Zh duh qrw lqwhuhvwhg lq wkh ixoo fryduldqfh pdwul{ zklfk lqyroyhv duf0duf

fruuhodwlrqv1 Wkh wdeoh ehorz vxppdul}hv wkh fdofxodwlrqv qhhghg/ dqg wkh qxpehu ri rshudwlrqv

qhhghg lq wkh xvxdo fdvh1

Frpsxwdwlrq Qxpehu ri pxowlsolfdwlrqv

P}}

�
Q}@Q

3�

@@

�
Q

2

C
Q��

Q
3�

@@
Q@}

�
P}}

�
Q}@Q

3�

@@

�
Q

2

�
QC@5

Wrwdo shu duf zlwk vwrudjh Q�QC+QC .Q�@5,

+66,

Wklv wdeoh dvvxphv wkdw zh vwruh wkh pdwul{ Q}@Q
3�

@@
zklfk lv fdofxodwhg lq wkh iruzdug gluhfwlrq1

Li zh grq*w gr vr zh qhhg dq dgglwlrqdo Q2

�
+QC.Q�@5, pxowlsolfdwlrqv shu duf/ dv fdq eh vhh iurp

wkh suhylrxv wdeoh1 Wkh wrwdo wlph iru wkh edfn vroxwlrq lv=

wlphbedfn @ Q@oSQ�QC+QC .Q�@5, +67,

@ +Q|J| �QC,QC � +QC .Q�@5, +68,

* Q|J| �QC � +QC .Q�@5, +69,

Wkh udwlr ri wkh qdlyh vroxwlrq wlph wr wkh edfn vroxwlrq wlph lv=

wlphbqdlyh@wlphbedfn @

Q2

|J|

QC+5QC .Q�,
+6:,

* Q
2

@oS

Q
2

�

QC+5QC .Q�,
+6;,

zklfk lv derxw wkh vdph vl}h dv iru wkh iruzdug vroxwlrq1
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6 Vroxwlrq ri Qrupdo Htxdwlrqv e| Uhgxfwlrq dqg Dxjphqwdwlrq

Lq wklv vhfwlrq zh jlyh d vfkhph iru vroylqj duelwudu| qrupdo htxdwlrqv zklfk lv forvho| uhodwhg wr
wkh duf0sdudphwhu holplqdwlrq ri wkh odvw vhfwlrq1 Dw wkh hqg ri wkh vhfwlrq zh vshfldol}h wr wkh
fdvh ri vroyh1

614 Vroxwlrq ri Qrupdo Yhfwru

Zh vwduw e| glylglqj wkh qrupdo htxdlwrqv lqwr wzr vhwv ri sdudphwhuv zklfk zh zloo odeho j dqg d1

Zlwkrxw orvv ri jhqhudolw| wkh qrupdo htxdwlrq fdq wkhq eh zulwwhq dv=#
Q}} Q}@

Q@} Q@@

$#
D}

D@

$
@

#
E}

E@

$
+6<,

Wklv pdwul{ htxdwlrq fdq eh uhzulwwhq dv wkh wzr frxsohg htxdwlrqv

Q}}D} .Q}@D@ @ E} +73,

Q@}D} .Q@@D@ @ E@ +74,

Htxdwlrq +74, fdq eh vroyhg iru D@=

D@ @ Q
3�

@@
E@ �Q

3�

@@
Q@}D} +75,

zklfk zkhq vxevwlwxwhg lqwr htxdwlrq +73, ohdgv wr=

�
Q}} �Q}@Q

3�

@@
Q@}

�
D} @ E} �Q}@Q

3�

@@
E@ +76,

Q
�

}}
D} @ E} �Q}@Q

3�

@@
E@ +77,

Wklv lq wxuq fdq eh vroyhg iru wkh D}

D} @ Q
�
3�

}}

�
E} �Q}@Q

3�

@@
E@

�
+78,

zklfk fdq eh vxevwlwhg lqwr +75, wr �qg wkh D@1
Wkh surfhvv ri uhgxflqj wkh vl}h ri wkh qrupdo htxdwlrqv lv vrphwlphv fdoohg �vtxhh}lqj0rxw�

wkh D@1 Wkh uhgxfhg qrupdo htxdwlrqv fdq djdlq eh uhgxfhg e| dqrwkhu sduwlwlrq1 Zh fdq frqwlqxh
grlqj vr dv orqj dv zh zdqw1 Zkhq zh duh �qdoo| grqh/ zh lqyhuw wkh odvw htxdwlrq/ dqg vwduw
exloglqj xs wkh vroxwlrq wr wkh qrupdo yhfwru1

615 Ghulydwlrq ri Fryduldqfh Lqirupdwlrq

Lq wklv vhfwlrq zh ghulyh wkh htxdwlrqv iru wkh fryduldqfh1 Vxevwlwlwxwlqj Ht1 +78, lqwr Ht1 +75, zh
�qg

D@ @ Q
3�

@@
E@ �Q

3�

@@
Q
3�

@}
Q

�
3�

}}

�
E} �Q}@Q

3�

@@
E@

�
+79,
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Frpelqlqj wklv zlwk Ht1 +78, zh duulyh dw wkh pdwul{ htxdwlrq=

#
D}

D@

$
@

#
Q �3�

}}
Q

�3�
}}
Q}@Q

3�
@@

Q
3�

@@
Q@}Q

�3�

}}
Q

3�

@@
.Q

3�

@@
Q@}Q

�3�

}}
Q}@Q

3�

@@

$#
E}

E@

$
+7:,

@ Q
3�

|J|

#
E}

E@
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Wkhuh duh vhyhudo frpphqwv wr eh pdgh frqfhuqlqj wklv htxdwlrq1

41 Wkh fryduldqfh ri wkh D} lv zkdw |rx zrxog qldyho| h{shfw/ qdpho|Q �3�
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61 Pruh jhqhudoo|/ jlyhq wkh fryduldqfh ri wkh uhgxfhg qrupdo htxdwlrqv +76,/ dqg wkh pdwulfhv
Q}@ dqg Q3�

@@
lw lv vwudljkwiruzdug wr frqvwuxfw d vroxwlrq wr wkh qrupdo htxdwlrqv rqh ohyho

xs1

Wkh jhqhudo vfkhph lv wkhq fohdu1 Wkhuh duh wzr surfhvvhv= uhgxfwlrq dqg dxjphqwdwlrq1 Lq
uhgxfwlrq zh vxffhvlyho| vtxhh}h rxw sdudphwhuv xqwlo zh duh dv idu grzq dv zh fdq jr1 Zh vroyh
iru wkh uhpdlqlqj sdudphwhuv1 Zh wkhq xvh wklv vroxwlrq wr vroyh iru wkh �duf0sdudphwhuv� rqh ohyho
xs1 Wklv lq wxuq lv xvhg wr vroyh iru wkh duf0sdudphwhuv rqh ohyho ixuwkhu xs/ dqg vr rq/ xqwlo zh
duh grqh1 Li zh duh rqo| lqwhuhvwhg lq wkh ydoxhv ri wkh duf0sdudphwhuv/ dqg qrw wkhlu irupdo huuruv/
zh duh grqh1 Li zh duh lqwhuhvwhg lq wkh irupdo huuruv/ wkhq zh dovr qhhg wr exlog xs wkh fryduldqfh
pdwul{ ohyho e| ohyho1

616 Dssolfdwlrq wr vroyh

Wkh qrupdo htxdwlrqv iru dq lqglylgxdo h{shulphqw lq vroyh duh vsduvh1 Wkh sdudphwhuv w|slfdoo|
frqvlvw ri d ihz �duf0joredo� sdudphwhuv/ vxfk dv vwdwlrq srvlwlrq/ HRS dqg edvholqh forfnv/ zklfk
wdnh wkh vdph ydoxh iru wkh hqwluh duf1 Lq dgglwlrq wkhuh duh �duf0duf� sdudphwhuv zkhuh wkh
qrupdo htxdwlrqv duh rqo| lq xhqfhg e| d +xvxdoo| vpdoo, vxevhw ri wkh wrwdo gdwd1 Lq frqwudvw
wr wkh vlwxdwlrq lq duf0sdudphwhu0holplqdwlrq/ duf sdudphwhuv zklfk duh dgmdfhqw wr hdfk rwkhu
lq wlph frxsoh1 Iru h{dpsoh/ wkh forfnv dqg wkh dwprvskhuhv duh xvxdoo| prghohg dv slhfhzlvh
olqhdu ixqfwlrqv1 Li wkh dwprvskhuh wdexodu srlqwv rffxu hdfk krxu/ wkhq hdfk dwprvskhuh sduwldo
lv rqo| h�hfwhg e| wzr krxuv ri gdwd�rqh rq hlwkhu vlgh1 Ehfdxvh ri wklv wkhuh lv qr frxsolqj zlwk
dwprvskhuh ru forfn sduwldov zklfk duh pruh wkdq rqh krxu dsduw1 Zh fdq xvh wkh orfdo qdwxuh ri
wkh frxsolqj wr ghulyh d idvw phwkrg ri vroylqj wkh qrupdo htxdwlrqv1

Wkh jhqhudo vfkhph lv dv iroorzv1 Zh surfhvv wkh qrupdo htxdwlrqv lq wlph rughu/ vtxhh}lqj rxw
sdudphwhuv dv wkh| duh wxuqhg r�1 Dw wkh hqg ri wkh iruzdug gluhfwlrq zh duh ohiw zlwk sdudphwhuv
zklfk uhpdlq rq dw wkh hqg ri wkh h{shulphqw1 Wklv lqfoxghv wkh sdudphwhuv zklfk duh rq iru wkh
zkroh h{shulphqw/ zklfk lv riwhq doo wkdw zh duh lqwhuhvwhg1 Wkh vroxwlrq wr wkh uhgxfhg qrupdo
htxdwlrqv jlyhv xv wkh hvwlpdwhv iru wkhvh sdudphwhuv dqg wkhlu fryduldqfhv1 Li wklv lv doo wkdw zh
duh lqwhuhvwhg lq/ wkhq zh duh grqh1 Li zh duh lqwhuhvwhg lq wkh ydoxhv ri wkh sdudphwhuv zklfk duh
vtxhh}hg rxw/ zh fdq gr d vlpsoh edfn vroxwlrq wr �qg wkhp1 Li zh duh lqwhuhvwhg lq wkh fryduldqfh
ri wkhvh vtxhh}hg rxw sdudphwhuv/ zh fdq gr d pruh lqyroyhg edfn vroxwlrq1 Lq wkh iroorzlqj zh
pdnh wklv glvfxvvlrq frqfuhwh1

:



Dw dq| jlyhq vwdjh lq wkh surfhvvlqj/ zh glylgh wkh sdudphwhuv lqwr wkuhh vhwv1 41, Wkh �fxuuhqw0
duf� sdudphwhuv duh wkh sdudphwhuv zh duh jhwwlqj uhdg| wr vtxxh}h rxw1 5, Wkh �fxuuhqw0joredo�
sdudphwhuv duh doo sdudphwhuv zklfk frxsoh wr wkh fxuuhqw0duf sdudphwhuv> 6, Wkh uhpdlqlqj sd0
udphwhuv gr qrw frxsoh wr wkh fxuuhqw0duf sdudphwhuv/ dowkrxjk wkh| pd| wr wkh joredo sdudphwhuv1
Zh zloo odeho wkhvh wkuhh vhwv ri sdudphwhuv d/ j/ dqg u1

Iruzdug Gluhfwlrq1 Zh vwduw e| �qglqj wkh �uvw vhw ri sdudphwhuv zklfk wxuq r�11 Ohw wkh

wlph wkh| wxuq r� eh jlyhq e| whqg1 Wkhvh sdudphwhuv zloo eh wkh fxuuhqw0duf sdudphwhuv1 Wkh

fxuuhqw joredo sdudphwhuv zloo eh dq| ri wkh rwkhu sduphwhuv zklfk zhuh wxuqhg rq sulru wr whqg1

Wkh uhpdlqlqj sdudphwhuv duh wkrvh sdudphwhuv zklfk gr qrw wxuq rq xqwlo diwhu whqg/ dqg khqfh

gr qrw frxsoh wr wkh fxuuhqw0duf sdudphwhuv1 E| dvvxpswlrq/ wkh qrupdo htxdwlrqv wdnh wkh irup=
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Zh fdq vroyh wklv htxdwlrq iru wkh D@=
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Diwhu vtxhh}lqj rxw wkh fxuuhqw0duf sdudphwhuv/ wkh uhgxfhg qrupdo htxdwlrqv duh=#
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L kdyh lqglfdwhg e| ^` pdwulfhv zklfk duh uhodwhg e| wudqvsrvlwlrq1 Iru xvh lq wkh edfnzdug gluhfwlrq
zh zdqw wr vwruh wkh pdwulfhv dqg yhfwruv Q3�
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/ Q

3�

@@
E@/ dqg Q}@Q

3�
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1 Wkhvh fdq eh vwruhg �lq

sodfh�=
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+87,

zkhuh # phdqv uhsodfhphqw/ dqg wkh rughu wkhvh htxdwlrqv dsshdu lq uhsuhvhqwv wkh rughu wkh

fdofxodwlrqv duh grqh1

Zh qrz vhdufk iru wkh qh{w vhw ri sdudphwhuv zklfk duh wxuqhg r�/ dqg vtxhh}h wkhp rxw lq

wxuq1

Wkh deryh irup ri wkh qrupdo pdwul{ pdgh h{solflw wkh odfn ri frxsolqj ehwzhhq wkh fxuuhqw0

duf dqg uhpdlqlqj sdudphwhuv1 Zh gr qrw qhhg wr uhduudqjh wkh qrupdo htxdwlrqv lq wklv irup lq

rughu wr wdnh dgydqwdjh ri wklv1 Wkh uhtxluhg pdwul{ pxowlsolfdwlrqv dqg lqyhuvlrqv fdq eh grqh e|

dssursuldwho| lqgh{lqj lqwr wkh ruljlqdo qrupdo pdwul{ ru e| frs|lqj wkh uhtxluhg pdwul{ hohphqwv

lqwr whpsrudu| duud|v/ dqg grlqj wkh fdofxodwlrqv xsrq wkhp/ dqg frs|lqj wkhp edfn Dowkrxjk

wklv vhhpv olnh d orw ri frs|lqj/ vlqfh wkh qxpehu ri fxuuhqw0duf dqg fxuuhqw0joredo sdudphwhuv dw

dq| wlph lv vpdoo/ wkh vl}h ri wkh whpsrudu| duud|v lv vpdoo/ dqg wkh ryhukhdg lqyroyhg lq grlqj wkh

frs|lqj lv dovr vpdoo1

Ilqdo Lqyhuvlrq1 Dw wkh yhu| hqg ri wkh iruzdug gluhfwlrq zh lqyhuw wkh uhpdlqlqj pdwul{1

Wklv pljkw kdsshq zkhq zh kdyh qr pruh fxuuhqw0duf sdudphwhuv/ ru zkhq wkh pdwul{ lv vpdoo

;



hqrxjk wkdw wkh h{wud errn0nhhslqj xvhg lq vtxhh}lqj rxw sdudphwhuv lv qrw zruwk lw1 Lq dq| fdvh/

zkhq wkh �qdo pdwul{ lv lqyhuwhg/ zh duh ohiw zlwk d vroxwlrq iru wkh uhpdlqlqj sdudphwhuv/ dqg

wkhlu fryduldqfhv1 Iru pdq| sxusrvhv wkhvh duh wkh rqo| sdudphwhuv zh duh lqwhuhvwhg/ dqg zh

frxog vwrs dw wklv vwdjh1

Dxjphqwdwlrq= Edfnzdug Gluhfwlrq1 Lq dxjphqwdwlrq zh vwduw zlwk wkh uhgxfhg qrupdo
htxdwlrqv dw vrph ohyho/ dqg ghulyh wkh htxdwlrqv rqh ohyho xs1 Li doo zh duh lqwhuhvwhg lq lv wkh
vroxwlrq yhfwru/ zh fdq xvh Ht1 +83, wr �qg wkh duf sdudphwhuv D@ zh duh dgglqj1 Zh kdyh

suhylrxvo| fdofxodwhg dqg vwruhg Q3�
@@
Q@} vr wklv frpsxwdwlrq lv yhu| vlpsoh1

Li zh duh dovr lqwhuhvwhg lq wkh ixoo fryduldqfh zh qhhg wr gr vrph h{wud zrun1 H{solflw|/ dvvxph

wkdw fryduldqfh pdwul{ dw vrph vwdjh lv jlyhq e|=

Fry+j> u, @

#
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$
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Wkhq wkh fryduldqfh vroxwlrq wr wkh dxjphqwhg qrupdo htxdwlrq lv=

Fry+j> u> d @
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Qrwh wkdw lq wkh orzhu0uljkw fruqhu ri wkh fryduldqfh pdwul{ wkhuh lv qr whup lqyroylqjQ3�
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Q@oPooQ@oQ
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vlqfh e| dvvxpswlrq Q@o ydqlvkhv1 Wr �qg wklv dxjphqwhg pdwul{ zh pxvw fdofxodwh wkh iroorzlqj
pdwulfhv= 41, P}}
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zkhuh L kdyh

hqforvhg e| +11, pdwul{ frpelqdwlrqv zklfk kdyh ehhq suhylrxvo| fdofxodwhg1
Wkh uhdvrq wkdw wklv hqwluh surfhvv lv idvwhu wkdq wkh dojrulwkp fxuuhqwo| xvhg lq vroyh lv wkdw lq

erwk wkh vtxhh}lqj rxw dqg dxjphqwdwlrq skdvh zh uho| rq vxepdwulfhv ri wkh qrupdo ru fryduldqfh
pdwulfhv ehlqj 31 D udqgrp fkrlfh ri zkdw sdudphwhuv wr xvh dv fxuuhqw0duf sdudphwhuv zloo qrw
lq jhqhudo ohdg wr d orw ri }hurv1 Iruwxqdwho|/ wkhuh lv d qdwxudo zd| ri fkrrvlqj wkh sdudphwhuv wr
vtxhh}h rxw/ qdpho| wkh wlph rughulqj ri wkh sdudphwhuv1

Lw lv fohdu wkdw wklv dojrulwkp zloo zrun iru dq| vlwxdwlrq zkhuh wkhuh lv d qdwxudo rughulqj ri wkh
sdudphwhuv1 Iru h{dpsoh/ wklv frxog eh xvhg lq pdwulfhv zklfk ghdo zlwk �qlwh gl�huhqfh prghov
ri eulgjhv/ zkhuh wkh rughulqj sdudphwhu zrxog eh glvwdqfh dorqj wkh eulgjh1 Iru wklv uhdvrq L fdoo
wkh jhqhudo whfkqltxh Rughuhg Pdwul{ Lqyhuvlrq/ ru RPL1

617 Wlplqj Frqvlghudwlrq

Lq wklv vhfwlrq zh fdofxodwh wkh wlph lqyroyhg wr vroyh iru d w|slfdo vroxwlrq xvlqj wkh dojrulwkp
rxwolqhg deryh1 Dvvxph wkdw wkhuh duh QC joredo sdudphwhuv/ wkdw lv sdudphwhuv zklfk duh rq iru

wkh zkroh h{shulphqw1 Iru vlpsolflw| dvvxph wkdw wkh forfnv dqg dwprvskhuhv duh wkh rqo| wlph0

ydu|lqj sdudphwhuv/ dqg wkdw wkh| erwk sdudphwul}hg lq wkh vdph zd|1 Iru h{dpsoh/ erwk kdyh

rqh krxu udwh euhdnv1 Ohw Q@oS eh wkh qxpehu ri wdexodu srlqwv iru wkh forfnv dqg dwprvskhuhv/

dqg Q� wkh qxpehu ri forfnv soxv dwprvskhuhv1 W|slfdoo| zh kdyh=

Q� @ QS,& .Q@|6 @ 5Qr|@| � 4

zkhuh QS,& duh wkh qxpehu ri forfnv/ Q@|6 wkh qxpehu ri dwprvskhuhv/ dqg Qr|@| wkh qxpehu ri

vwdwlrqv1Wkh wrwdo qxpehu ri sdudphwhuv lv=

QA @ QC .Q@oS �Q�

<



Iru d w|slfdo : vwdwlrq h{shulphqw zkhuh zh hvwlpdwh HRS/ judglhqwv/ dqg edvholqh forfnv/ dqg

forfnv dqg dwprvskhuhv kdyh kdoi0krxu udwh euhdnv/ zh kdyh=

QC @ :4 +8:,

Q� @ 46 +8;,

Q@oSr @ 7< +8<,

QA @ :3; +93,

Wkh wlph lw wdnhv wr �qg wkh vroxwlrq xvlqj wkh vwdqgdug vroyh dojrulwkp lv=

wlphbvroyh @ glp+QA ,
�@5 +94,

Zh zdqw wr frpsduh wklv zlwk d vroxwlrq xvlqj wkh whfkqltxhv ri wkh suhylrxv vhfwlrq1
Iruzdug Gluhfwlrq1 Iru hdfk duf lq wkh iruzdug gluhfwlrq zh kdyh wkh iroorzlqj vwhsv lqyroylqj

pdwul{ pxowlsolfdwlrq ru lqyhuvlrq=

Frpsxwdwlrq Qxpehu ri pxowlsolfdwlrqv
Q
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Q}@Q
3�
@@

q}q
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Q}@Q
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@@
Q@} q2

}
q@@5 +425 ehfdxvh wkh pdwul{ lv v|ppwhulf,

Wrwdo q@+q@ . q},
2@5

+95,

Khuh q@ dqg q} duh wkh glphqvlrqv ri wkh fxuuhqw0duf dqg fxuuhqw0joredo pdwulfhv/ dqg L kdyh nhsw
rqo| wkhvh whupv ri rughu q�1 Lq wkh vlpsohvw fdvh q@ dqg q} zloo uhpdlq frqvwdqw iru hdfk duf/ dqg

wkh wrwdo qxpehu ri rshudwlrqv lq wkh iruzdug gluhfwlrq lv wkhq

Q@oSr � q@+q@ . q},
2@5 +96,

Lq wkh h{dpsoh dw wkh vwduw ri wklv vhfwlrq/ lqlwldoo| wkh fxuuhqw duf sdudphwhuv zloo eh wkh

hvwlpdwhv ri wkh wdexodu ydoxhv iru wkh �uvw hsrfk ri wkh forfnv dqg dwprvskhuhv1 Wkh wrwdo

qxpehu ri wdexodu ydoxhv shu hsrfk lv Q�= Wkhvh fxuuhqw duf sdudphwhv frxsoh wr wkh wuxo| joredo

sdudphwhuv1 Wkh| dovr frxsoh wr wkh wdexodu srlqwv iru wkh qh{w hsrfk1 Khqfh=

q@ @ Q�

q} @ QC .Q�

Rqfh wkh �uvw vhw ri duf sdudphwhuv lv vtxhh}hg rxw/ wkh vlwxdwlrq lv h{dfwo| wkh vdph iru wkh qh{w

vhw ri duf sdudphwhuv1

Dw wkh yhu| hqg ri wkh iruzdug vroxwlrq zh lqyhuw wkh uhpdlqlqj joredo sdudphwhuv1 Wklv kdv

rq rughu ri q�
}
@5 pxowlsolfdwlrqv1 Wkh wrwdo qxpehu ri pxowlsolfdwlrqv lv wkhq=

wlphbiruzdug @

k
Q@oSr � q@+q@ . q},

2
. q

�

}

l
@5

@
k
+Q|J| �QC, +5Q� .QC,

2
. +Q� .QC,

�

l
@5

� Q|J| +5Q� .QC,
2 @5

43



zkhuh L kdyh nhsw wkh ohdglqj whupv lq QA 1 Glylglqj Ht1 +94, e| wklv zh �qg=

wlphbvroyh@wlphbiruzdug *

�
QA

5Q� .QC

�
2

Vlqfh QA ghshqgv olqhduo| rq wkh qxpehu ri dufv/ wkdw lv/ wkh qxpehu ri udwh euhdnv iru wkh forfnv

dqg dwprvskhuhv/ wklv h{suhvvlrq zloo jurz txdgudwlfdoo| dv wklv qxpehu lv lqfuhdvhg1 Iru d w|slfdo

h{shulphqw zlwk 530plqxwh dwprvskhuhv/ wklv udwlr fdq hdvlo| eh rq wkh rughu ri 4331 Iru wkh

frqfuhwh h{dpsoh jlyhq deryh wkh udwlr lv 731 Li zh duh mxvw lqwhuhvwhg lq wkh vroxwlrq yhfwru dqg

wkh fryduldqfh ri wkh joredo sdudphwhuv/ zh gr qrw qhhg wr gr d ixoo edfn vroxwlrq1 Wkh deryh udwlr

lv wkh dssur{lpdwh vshhg xs lq wklv fdvh1

Edfnzdug vroxwlrq1 Lq wkh edfnzdug vroxwlrq zh kdyh wkh iroorzlqj rshudwlrqv=

Frpsxwdwlrq Qxpehu ri pxowlsolfdwlrqv
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Wrwdo q}q@+q} . qo . q@@5,

+97,

Lq wkh vlpsohvw fdvh/ wkh qxpehu ri fxuuhqw joredo dqg fxuuhqw duf sdudphwhuv uhpdlqv frqvwdlqw/

zkloh wkh qxpehu ri fxuuhqw rwkhu jurzv olqhduo|1 Zh uhwxuq djdlq wr wkh h{dpsoh dw wkh vwduw

ri wklv vhfwlrq1 Dw wkh ehjlqqlqj ri wkh edfn vroxwlrq/ wkh fxuuhqw duf sdudphwhuv zloo frqvlvw ri

wkh wdexodu ydoxhv dw Q@oS� 51 Wkh fxuuhqw0joredo sdudphwhuv zloo eh wkh wuxo| joredo sdudphwhuv/

dqg wkh wdexodu ydoxhv dw Q@oS�41 Wkh fxuuhqw uhpdlqlqj sdudphwhuv zloo eh wkh wdexodu ydoxhv dw

Q@oS= Diwhu wkh qh{w urxqg ri dxjphqwdwlrq/ wkh fxuuhqw duf sdudphwhuv zloo frqvlvw ri wkh wdexodu

ydoxhv dw Q@oS � 61 Wkh fxuuhqw0joredo sdudphwhuv zloo eh wkh wuxo| joredo sdudphwhuv/ dqg wkh

wdexodu ydoxhv dw Q@oS�51 Wkh fxuuhqw uhpdlqlqj sdudphwhuv zloo eh wkh wdexodu ydoxhv dw Q@oS�4

dqg Q@oS1 Khqfh

qo� @ q@ +98,

qo2 @ 5q@ +99,

qo� @ 6q@ +9:,

=== +9;,

Wkh wrwdo qxpehu ri rshudwlrqv lq wkh edfn gluhfwlrq zloo eh=

qxpbwrw @ Q@oSr � q}q@+q} . q@@5 . +Q@oSr � 4,@5� q@, +9<,

@ Q@oSr � q}q@+q} . q@ �Q@oSr@5, +:3,

@ +QA �QC,� +QC .Q�,� ^QC .Q� . +QA �QC,` +:4,

� +QC .Q�,�Q
2

A
@5.R+QA , +:5,

zkhuh L kdyh mxvw nhsw wkh ohdglqj whup lq QA 1 Glylglqj Ht1 +94, e| wklv zh �qg=

wlphbvroyh@wlphbedfnzdug *
QA

Q� .QC
+:6,

Iru wkh deryh h{dpsoh wklv zloo eh d idfwru ri 91 Wklv jurzv dssur{lpdwho| olqhduo| zlwk wkh
qxpehu ri dufv1
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7 Frpsdulvrq zlwk E6G Dojrulwkp ri O1 Shwury

Lq Ghfhpehu ri 4<<9 L ehfdph dzduh ri zrun e| O1 Shwury rq idvw pdwul{ lqyhuvlrq lq vroyh1 Shwury*v
ixqgdphqwdo lqvljkw zdv wkdw wkh vroyh qrupdo htxdwlrqv iru hdfk duf duh vsduvh/ zkloh wkh pdwul{
dojrulwkp zh xvhg zdv iru dq duelwudu| duud|1 Shwury ghulyhg d whfkqltxh iru idvw pdwul{ lqyhuvlrq
zklfk kh fdoohg wkh E6G dojrulwkp1 Wklv phwkrg uholhv rq wkh vwuxfwxuh ri wkh qrupdo htxdwlrqv/ lq
sduwlfxodu wkh idfw wkdw forfnv dqg dwprvskhuhv duh uhsuhvhqwhg dv slhfhzlvh olqhdu ixqfwlrqv1 Wklv
vfkhph zdv vxevhtxhqwo| h{whqghg wr lqfoxgh slhfhzlvh olqhdu HRS hvwlpdwhv1 Shwury*v kdv wkh
uhvwulfwlrq wkdw wkh lqwhuydo xvhg iru forfnv/ dwprvskhuhv dqg HRS pxvw doo eh frpphqvxudwh/ dqg
wkdw wkh wdexodu srlqwv pxvw doo eh doljqhg1 E| frqvwuxfwlrq lw pdnhv xvh ri wkh lpsolflw vwuxfwxuh
ri wkh qrupdo htxdwlrqv xvhg lq vroyh= Wkhvh sdudwlfxodu sdudphwhuv pxvw rffxu lq vxfk dqg vxfk
dq rughu1 Lq idfw Shwury*v vfkhph dfwxdoo| h{sdqgv wkh xvh ri lpsolflw gdwd vwuxfwxuhv lq vroyh/
zklfk pdnhv prgl�fdwlrq ri wkh frgh pruh gl!fxow1

Ehfdxvh ri wkh uhvwulfwlrqv ri Shwury*v frgh/ dqg dovr ehfdxvh L irxqg klv dojheud kdug wr
iroorz/ L ehjdq wr zrqghu li wkhuh zdv dq dowhuqdwlyh vfkhph iru idvw pdwul{ lqyhuvlrq zklfk wrrn
dgydqwdjh ri wkh vsduvhqhvv ri wkh qrupdo htxdwlrqv/ exw glg qrw kdyh wkh uhvwulfwlrqv ri E6G/ dqg
dovr glg qrw uho| rq wkh lpsolflw vwuxfwxuh ri wkh qrupdo htxdwlrqv1 L dovr zdqwhg d urxwlqh wkdw L
frxog xqghuvwdqg1 Wklv lv wkh jhqhvlv ri wkh RPL dojrulwkp ghulyhg lq wkh suhylrxv vhfwlrq/ dqg
lpsohphqwhg lq wkh iroorzlqj vhfwlrq lq Iruwudq1 L ruljlqdoo| lpsohphqwhg wklv urxwlqh lq Pdufk ri
4<<:1 Wklv dojrulwkp kdv wkh iroorzlqj dgydqwdjhv ryhu E6G=

41 Qr lpsolflw dvvxpswlrqv duh pdgh derxw wkh irup ri wkh qrupdo htxdwlrqv1 Lqvwhdg wkh
vwuxfwxuh lv ghulyhg iurp wzr dx{loldu| duud|v we dqg wh zklfk lqglfldwh zkhq wkh sdudphwhuv
duh wxuqhg rq1 Khqfh wklv urxwlqh fdq eh dssolhg wr dq duelwudu| wlph0wdjjhg pdwul{1

51 Wkhuh lv qr uhvwulfwlrq rq hlwkhu wkh lqwhuydov ru wdexodu srlqwv ri forfnv/ dwprvskhuv/ dqg
HRS1

61 Li rwkhu sdudphwhuv duh hvwlpdwhg dv slhfhzlvh olqhdu ixqfwlrqv/ RPL zloo dxwrpdwlfdoo| kdq0
goh wkhp lq dq rswlpdo idvklrq1 Lq frqwudvw/ E6G zrxog kdyh wr eh uhzulwwhq wr rswlpl}h
shuirupdqfh1

71 RPL zloo dxwrpdwlfdoo| kdqgoh gl�huhqw sdudphwul}dwlrqv1 Iru h{dpsoh/ zh frxog uhsuhvhqw
dwprvskhuhv dv slhfhzlvh r�vhwv/ dqg wklv urxwlqh zrxog kdqgoh wklv fruuhfwo|1 Ru zh frxog
uhsuhvhqw forfnv dv slhfhzlvh olqhdu fxelfv1

81 RPL lv forvh wr ehlqj �soxj0frpsdwleoh� zlwk wkh vwdqgdug pdwul{ lqyhuvlrq lq vroyh1 Vlqfh
doo ri wkh errnnhhslqj lv grqh lqwhuqdoo|/ doo |rx qhhg wr gr lv vxsso| wkh dx{loldu| duud|v we

dqg wh1 Lq frqwudvw wkh lpsohphqwdwlrq ri E6G pdnhv pdvvlyh fkdqjhv wr vroyh wr lpsohphqw
wkh errn nhhslqj uhtxluhg1

Wkdw ehlqj vdlg/ L eholhyh wkdw E6G pd| eh voljkwo| idvwhu idvwhu wkdq RPL/ vd| 63(1 Krzhyhu/
erwk ri wkh dojrulwkpv uhvxow lq d vxevwdqwldo vshhgxs +rq wkh rughu ri 43053 ru juhdwhu, lq wkh
vroxwlrq ri wkh qrupdo htxdwlrqv zlwk d odujh qxpehu ri vwdwlrqv1 Vxssrvh wkdw E6G zdv wzlfh dv
idvw lq pdwul{ lqyhuvlrq dv wkh dojrulwkp ghvfulehg deryh/ vr wkdw lw vshhhg xs pdwul{ lqyhuvlrq e|
d idfwru ri 73/ lqvwhdg ri d idfwru ri 531 Dvvxph wkdw pdwul{ lqyhuvlrq wdnhv 83( ri wkh wlph ri d
vroxwlrq lq vroyh/ dqg wkdw d ixoo vroxwlrq wdnhv ;3 vhfrqgv1 Wkhq xqghu E6G wkh wlph zrxog eh
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uhgxfhg wr 73.4 vhfrqgv/ zkloh xvlqj RPL wkh wlph zrxog eh uhgxfhg wr 73.5 vhfrqgv1 L wklqn
hyhu|rqh zrxog djuhh lq wklv h{dpsoh wkdw lw lpsohphqwlqj hlwkhu RPL ru E6G lv zruwkzkloh/ vlqfh
wkh| erwk uhvxow lq dq doprvw 83( uhgxfwlrq lq wkh wlph uhtxluhg wr vroyh iru wkh qrupdo htxdwlrqv1
Krzhyhu lw lv xqfohdu zhwkhu wkh dgglwlrqdo 4( uhgxfwlrq dfklhyhg e| xvlqj E6G dv rssrvhg wr
RPL lv zruwk wkh dgglwlrqdo uhvwulfwlrqv1

8 Iruwudq Frgh Zklfk Lpsohphqwv Idvw Pdwul{ Lqyhuvlrq1

Wkh iroorzlqj vxeurxwlqh lv wkh frqfuhwh lpsohphqwdwlrq ri wkh lghdv phqwlrqhg lq wklv qrwh1 Wkh
ixoo urxwlqh lqyroyhv d orw ri errnnhhslqj/ dqg lv 933 olqhv ri frgh1 Wkh iudjphqw suhvhqwhg ehorz mxvw

vkrzv wkh errnnhhslqj lqyroyhg1 Wkh xvh ri wkh ixoo urxwlqh lq qrupo fdq eh irxqg e| orrnlqj dw wkh
frgh lq ohr1jvif1qdvd1jry22gdwd4;2pn62vuf2vroyh2qrupobmpjbidvw1 Lw*v xvh lq dufsh lv looxvwudwhg

lq ohr1jvif1qdvd1jry22gdwd4;2pn62vuf2vroyh2dufshbmpjbidvw1
Rq hqwu| wkh duud| D lv wkh qrupdo pdwul{ vwruhg lq orzhu wuldqjxodu irup/ E lv wkh �R0F� yhfwru/

dqg we dqg wh duh duud|v zklfk frqwdlq wkh vwduwlqj dqg vwrsslqj wlph ri hdfk sdudphwhu1 Qsdup
lv wkh qxpehu ri sdudphwhuv1 Wkh sdudphwhu lfry frqwurov zkhwkhu zh rqo| zdqw wkh fryduldqfh
ri wkh duf0joredo sdudphwhuv +lfry@3,/ wkh ixoo fryduldqfh pdwul{ +lfry@5,/ ru dq dssur{lpdwlrq ri
wkh ixoo fryduldqfh pdwul{1 +lfry@4,1

Wkh duud| lqge lv d nh| lqwr wkh sdudphwhuv vruwhg lq lqfuhdvlqj rughu ri we/ dqg ghfuhdvlqj
rughu ri wh1 Wklv lv wkh rughu wkdw zh dgg wkh sdudphwhuv wr wkh dfwlyh olvw1 Wkh duud| lqgh
vruwv wkh sdudphwhuv e| lqfuhdvlqj wh dqg ghfuhdvlqj we1 Wklv lv wkh rughu wkdw zh vtxhh}h wkh
sdudphwhuv rxw1 Wkh urxwlqh wkdw vtxhh}hv wkhp rxw lv fdoohg uhgxfhbqrupdo1 Zkhq zh duh doo
grqh vtxhh}lqj wkhp rxw/ zh vwduw wkh edfn vroxwlrq1 Wkh urxwlqh wkdw exlogv xs wkh edfn vroxwlrq
lv fdoohg dsshqgbqrupdo1

F------------------------------------------------------

vxeurxwlqh mpjbidvwbvroyh+D/E/we/wh/qsdup/lfry,

lpsolflw qrqh

F wklv urxwlqh lqyhuwv d qrupdo pdwul{ jlyhq lq wuldqjxodu irup

F rq hqwu| D00 qrupdo pdwul{ lq wuldqjxodu irup1

F E00 R0F yhfwru

F we/ wh duud|v zklfk lqglfdwh krz orqj d sdudphwhu lv rq iru1

F rq h{lw

F D/E 00 vroxwlrq wr qrupdo htxdwlrq1

F

F Jhqhudo vfkhph=

F Vroyh qrupdo htxdwlrqv lwhudwlyho|/ vtxhh}lqj rxw vwxii rqh dv zh jr1

F Vwduw zlwk vpdoohvw wlph lqwhuydo/ surfhhg wr odujhvw1

F

F Iru pruh ghwdlohg lqir/ vhh phpr e| MPJlsvrq/ Pd| 4;/ 4<<;1

F

lqwhjhu +nlqg@5, qsdup

grxeoh suhflvlrq D+qsdup-+qsdup.4,25, $qrupdo pdwul{

grxeoh suhflvlrq E+qsdup, $qrupdo yhfwru
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grxeoh suhflvlrq we+qsdup, $sdudphwhu lv wxuqhg rq qrz1

grxeoh suhflvlrq wh+qsdup, $ 111dqg rii qrz1

lqwhjhu-5 lfry $lfry@3 grq*w frpsxwh fryduldqfh

$lfry@4 frpsxwh vlpsolilhg

$lfry@5 Frpsxwh ixoo

F orfdo yduldeohv

F dxwrpdwlf orfdo duud|v xvhg lq vruwlqj1

lqwhjhU-5 lqge+qsdup, $vruw nh| iru vwduw wlph1

lqwhjhu-5 lqgh+qsdup, $vruw nh| iru hqg wlph

lqwhjhu-5 lebswu/lebswu3 $srlqwhu lqwr vwduw wlph nh|

lqwhjhu-5 lhbswu/lhbswu3

F lqgh{ duud|v

lqwhjhU-5 lqgbwrw+qsdup, $Lqgh{ iru doo sdudphwhuv wklv duf1

lqwhjhu-5 lqgbjoe+qsdup, $Lqgh{ iru wkh joredo sdudphwhuv1

LQWHJHU-5 lqgbuvw+qsdup, $Dqrwkhu lqgh{ iru wkh **uhvw** ri wkh sdupv

lqwhjhu-5 qxpbuvw

F qxpehu ri sdudphwhuv wr dgg/ qxpehu wr vxewudfw wklv duf/ qxp joredov

LQWHJHU-5 pd{bduf/pd{bjoebshu

LQWHJHU-7 pd{bwrw

sdudphwhu +pd{bduf@533/pd{bjoebshu@533,

sdudphwhu +pd{bwrw@pd{bduf-pd{bjoebshu,

LQWHJHU-5 lqgbjwd+pd{bwrw, $srlqwhu lqwr duud| frqwdlqlqj joredo sdudphw

LQWHJHU-7 ljwdbswu

LQWHJHU-5 qxpbduf/lduf $dfwxdo qxpehu ri dufv/ dqg gr lqgh{

lqwhjhu-5 qxpbdufbduf/qxpbjoebduf

lqwhjhu-5 qxpbdufbyhf+pd{bduf, $qxpehu ri duf sdupv wklv duf

lqwhjhu-5 qxpbjoebyhf+pd{bduf, $qxpehu ri joredo wklv duf

lqwhjhu-5 qxpbwrw $qxpehu ri sdudphwhuv +joe.duf,

lqwhjhu-5 qxpb5bdgg $qxpehu wr dgg1

F Jhw wzr lqglfhv lqwr sdudphwhuv1

F Erwk lqglfhv vruw rq 41, zkhq wkh| duh wxuqhg rq1 dqg 51, zkhq wkh| duh rii1

F lqge lv vruwhg D1, Iluvw e| lqfuhdvlqj we> E1, wkhq e| ghfuhdvlqj wh>

F lqgh lv vruwhg D1, Iluvw e| lqfuhdvlqj wh> E1, wkhq e| ghfuhdvlqj we>

F Wklv lv grqh vr wkdw zkhq zh exlog xs wkh **joredo** pdwul{ zh plqlpl}h uhrughulqj1

F

fdoo lqgh{{u;lg+qsdup/we/wh/lqge,
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fdoo lqgh{{u;lg+qsdup/wh/we/lqgh,

F vwduw exloglqj qrupdo htxdwlrqv lq **wlph rughu**

F lebswu 00 srlqwv wr zkhuh zh duh lq sxwwlqj lq sdudphwhuv1

F l1h1 zh kdyh doo revhuydwlrqv ehiruh we+lqge+lebswu,,1

F vlploduo| iru lhbswu1

lebswu@4

lhbswu@4

F zkhuh zh duh lq wkh dufv1

qxpbwrw@3

lduf@3

ljwdbswu@4

F000000000000000000 wklv lv wkh iruzdug gluhfwlrq1000000000000000000000

IRUZDUG= GR

F0000

F 41 Dgg lq sdudphwhuv

F D1 Ilqg rxw krz pdq| sdudphwhuv wr dgg wr djoe1

F Wklv lv & ehwzhhq we+lqeg+lebswu,, lv ehiruh wh+lqgh+lh,,

lebswu3@lebswu

gr zkloh+ lebswu 1oh1 qsdup 1dqg1 we+lqge+lebswu,, 1oh1 wh+lqgh+lhbswu,,,

lebswu@lebswu.4

hqg gr

F E1 dxjphqw wkh joredo pdwul{1

qxpb5bdgg@lebswu0lebswu3

lqgbwrw+qxpbwrw.4=qxpbwrw.qxpb5bdgg,@lqge+lebswu3=lebswu04,

qxpbwrw@qxpbwrw.qxpb5bdgg

F li qr pruh sdudphwhuv/ grqh zlwk iruzdug sduw1

LI+lebswu 1JW1 qsdup, h{lw

F

F 51 Vtxhh}h rxw sdudphwhuv

F D1 Ilqg rxw zklfk rqhv wr uhpryh

lhbswu3@lhbswu

gr zkloh+lhbswu 1oh1 qsdup 1dqg1 wh+lqgh+lhbswu,, 1oh1 we+lqge+lebswu,,,

lhbswu@lhbswu.4

hqggr

qxpbdufbduf@lhbswu0lhbswu3

F Dw wklv vwdjh lqgh+lhbswu3=lhbswu.qxpbdufbduf04, frqwdlqv lqgh{ lqwr duf sdudphwhuv

F lqgbjwd+ljwdbswu=ljwdbswu.qxpbjoe04,

F Zh dovr qhhg wkh lqgh{ lqwr wkh joredo sdudphwhuv1

fdoo jhwbrwkhublqg+lqgbwrw/qxpbwrw/lqgh+lhbswu3,/qxpbdufbduf/ lqgbjoe/qxpbjoebduf,
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F

fdoo uhgxfhbqrupdo+d/e/qsdup/lqgh+lhbswu3,/qxpbdufbduf/lqgbjoe/qxpbjoebduf,

F xsgdwh duf vwxii

lduf@lduf.4

F qhhg vsdfh iru wuldqjxodu pdwul{ Uhfwdqjxodu1

qxpbdufbyhf+lduf,@qxpbdufbduf

qxpbjoebyhf+lduf,@qxpbjoebduf

F wklv lv lqgh{ ri joredov wklv duf1

qxpbwrw@qxpbjoebduf

lqgbwrw+4=qxpbwrw,@lqgbjoe+4=qxpbwrw,

F wklv lv lqgh{ ri joredov wklv duf1

lqgbjwd+ljwdbswu=ljwdbswu.qxpbjoebDuf04,@lqgbjoe+4=qxpbjoebduf,

ljwdbswu@ljwdbswu.qxpbjoebduf

HQG GR IRUZDUG

F grqh zlwk iruzdug gluhfwlrq1 Qrz lqyhuw uhpdlqlqj sdudphwhuv1

fdoo lqgh{hgblqyhuw+d/e/lqgbwrw/qxpbwrw,

F--Vwduw ri edfn vroxwlrq---------------------------------------------------

F dqg dgg duf sdudphwhuv dq duf dw d wlph1

qxpbduf@lduf

gr lduf@qxpbduf/4/04

qxpbdufbduf@qxpbdufbyhf+lduf,

qxpbjoebduf@qxpbjoebyhf+lduf,

lhbswu@lhbswu0qxpbdufbduf

ljwdbswu@ljwdbswu0qxpbjoebduf

fdoo jhwbrwkhublqg+lqgbwrw/qxpbwrw/lqgbjwd+ljwdbswu,/qxpbjoebduf/

A lqgbuvw/qxpbuvw,

fdoo dsshqgbqrupdo+d/e/qsdup/ lqgh+lhbswu,/qxpbdufbduf/

A lqgbjwd+ljwdbswu,/qxpbjoebduf/lqgbuvw/qxpbuvw/lfry,

F xsgdwh lqgh{1

lqgbwrw+qxpbwrw.4=qxpbwrw.qxpbdufbduf,@lqgh+lhbswu=lhbswu.qxpbdufbduf04,

qxpbwrw@qxpbwrw.qxpbdufbduf

hqg gr

uhwxuq

hqg

F---------------------------------------------------------------------------------------
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